RESUMEN
INTRODUCTION
For intraocular pressure (IOP) control in patients with refractory glaucoma, special devices called filter implants are used for glaucoma surgery (1) . Molteno (2) with one or two plates The bestis the most known of these is the Molteno (2) with one or two plates, but there are also other models such as the Krupin (3, 4) , the Baerveldt (5) and the Ahmed (6) . All these implants, which can lead to surgical complications (1) , are designed to drain the aqueous humor from the anterior chamber towards the conjunctival sub-Tenon's space, forming a filtering bleb around the plate at the height of the eye's equator. The differences are the surface drainage area of the devices and the presence or absence of a valve mechanism.
Non-penetrating deep sclerectomy (NPDS) was described by Fyodorov et al. (7) , and Zimmerman et al. (8) , as non-penetrating trabeculectomy in 1984 and by Arenas (9) as trabeculectomy ab-externo in 1991. NPDS was then modified by Demailly et al. (10) , and Koslov et al. (11) , in 1996 as a non-penetrating filtering surgery in which the aqueous humor percolates through the trabecular-Descemet's membrane to the intrascleral space (12, 13) (maintained or not with implants).
This technique represents an advance over the classical trabeculectomy which was described by Cairns (14) , and by Vasco Posadas (15) as protected filtering, in which after dissecting the superficial scleral flap a piece of deep corneoscleral tissue is removed involving the trabeculae and Schlemm's canal channel and completed with an iridectomy.
The microdevice was developed by taking into account the concept of filtering implants, non-penetrating deep sclerectomy and trabeculectomy, which reduce the intraocular pressure by connecting the anterior chamber with a surgically created intrascleral space.
In the case of the microdevice, the tube connecting the anterior chamber with the intrascleral space ensures filtration of the aqueous humor between the two spaces, while the body of the microdevice, as well as fixing the tube and protecting its distal end from blockage, acts as a permanent space maintainer.
The microdevice is not a filter implant in the classic sense. It partially combines trabeculectomy and NPDS techniques with its own function and location.
The present work reflects the final report submitted to National Administration of Drugs, Food and Medical Technology (ANMAT) in June, 2009, file number: 1-47-9227-09-9.
METHODS
According to the rules established in the protocol entitled "National open-label, multi-centermulticenter trial to evaluate the safety and efficacy of a microdevice for drainage of aqueous humor in refractory glaucoma", approved by ANMAT provision 430/7 -File: 1-47-25 -649-07-1, sixteen eyes presenting with refractory glaucoma were included and operated with the microdevice (Table 1) . Two eyes (12.5%) were presented neovascular glaucoma and three ones (18.75%) were glaucoma associated with uveitis. IOP ≤21 mmHg with or without additional medication was considered successful. According to the rules established in the protocol the follow-up was one year.
This implant was designed for the treatment of refractory glaucoma, defined as that which does not respond to medical treatment and in which the "Gold Standard" technique (trabeculectomy) cannot be performed, because of the nature of the glaucoma (uveitic, neovascular or chronic congestive glaucoma) or because there are previous failed filtering surgeries, and therefore the evolution of the disease leads inexorably to blindness. For IOP analysis, the averages, percentages and their 95% confidence bands were calculated. Analysis of variance for repeated measures was used to compare means.
CHARACTERISTICS OF THE MICRODEVICE:
It consists of two parts assembled together: ( Figure 1A , 1B) 1. A square elasthane™ (16) body 5x5 mm in diameter and 0.3 mm thick. Each corner has a hole for attachment to the sclera. 
RESULTS
The average preoperative IOP was 32.81 mmHg, SD ± 10.94 with a range between 14 and 50 mmHg. The average post-surgical IOP The success rate was 14 eyes (87.5%, CI 95% 61.6% -98.6%) ( Figure 5 ), of which 2 eyes (14.3%, CI 95% 1.6 -42.9%) were regulated with additional medication as their IOP was above 21 mmHg. Four eyes were regulated without additional medication (33.3%, CI 95% CI 9.8 -65. 2). In 8 eyes (66.7%, CI 95% 34.8 -90.2%), medication was indicated even though the IOP was not above 21 mmHg because they showed great damage in the computerized visual field.
The findings support the hypothesis that the use of the microdevice was associated with a significant reduction of IOP. This was confirmed in the analysis of variance for repeated measures (F=37.891, P<0.0001).
The failure rate was two eyes (12.5%, CI 95% 1.43 -38.4), in one of which the explant of the microdevice was performed because of its extrusion at 120 days. In the review of the surgical technique, it was found that the scleral flap was performed at less than 50% of the thickness (very thin flap) and the size of the flap was less than 6x6 mm (very small), so it was considered a failure of surgical technique.
In the other case, the patient voluntarily withdrew from the protocol on day 180 without achieving regulated IOP.
The analysis of computerized visual fields (CVF) using the Brusini glaucoma staging showed: of all patients operated who completed the protocol (14/16 eyes), 35.71% (5 eyes) improved the CVF by changing its state for one better, 21.42% (3 eyes) improved the CVF without achieving better staging, 7.14% (1 eye) demonstrated no changes in the CVF or the staging, 7.14% (1 eye) showed progression of visual field deterioration and staging, in the remaining 28.57% (4 eyes) CVF analysis was not performed as they were blind eyes.
In the postoperative examinations with the slit lamp, the filtration bleb was seen to be diffuse in all patients, which was confirmed with ultrasound biomicroscopy studies.
Since the back part of the microdevice is not less than 6 mm from the limbus, filtration to the subconjunctival space was posterior and the blebs were characteristically diffuse.
Postoperative management of the bleb in patients with microdevice was very similar to that of trabeculectomy, and subconjunctival filtration could be increased with the use of removable sutures.
The complications presented during the course of this investigation (hyphema grade I-II, hypothalamia, proliferation of Tenon's tissue over the scleral flap), were considered to be expected and inherent to any type of filtering surgery (trabeculectomy, NPDS, or filtering implants). The medical and surgical treatments used to solve these complications were the same to solve the complications deriving from these surgeries.
Among the complications in this series, three cases of hyphema were reported, which resolved spontaneously within 72 hours postoperatively without complications. 
A B
IOP was < 5 mmHg at 48 hours postoperatively (Table 2 ) in 7 cases, and gradually increased during the first week post-surgery without additional complications. In two of the seven patients, viscoelastic substance was injected into the anterior chamber 72 hours after surgery for hypothalamia associated with the hypotony.
Obstruction of the mouth of the tube by the iris was reported in one case, in which a surgical iridectomy was performed which and resolved this complication.
After the 120 day check-up, needling was performed in two patients with fluorouracil (5-FU) injection for an encapsulated bleb, which overcame this problem.
DISCUSSION
The current filtering implants are commonly used to regulate IOP in patients with refractory glaucoma (17) . A tube connects the anterior chamber to a plate located in the conjunctival Tenon's space at the level of the equator between the extraocular muscles. The most common and reported complications include: athalamia, postsurgical hypotony, contact of the tube with the cornea, contact of the tube with the iris or lens, choroidal hemorrhage, hyphema, and for its location and size, changes in the palpebral motility and diplopia 1 . Some authors have reported a hypotonic phase of one week followed by a hypertensive phase (reported in Ahmed, Arq Bras Oftalmol. 2011;74(3):201-6
Molteno and Krupin implants) that resolves within 3 to 6 months postoperatively (18) . These phenomena are apparently due to the formation and stabilization of the filtering bleb.
Some authors reported an incidence of hypertensive phase of 82%. In these patients, it was necessary to perform needling techniques with injections of fluorouracil (5FU) (33%) and/or surgical revision of the bleb or the placement of a second implant (33%) (18) . The hypertensive phase presented by these implants is the reason why some authors advise against its use in patients with severe optic nerve damage (18, 19) . The reason why the microdevice does not produce severe postoperative hypotony is that despite not presenting an intrinsic valve mechanism, the proper closure of the scleral flap regulates the exit of aqueous humor from the time of surgery.
There has been no case of hypertensive phase with the use of the microdevice.
The work of Ayala et al. (18) , showed that Tenon's tissue proliferation, described by Barraquer et al., as keloid type (20) , is a common denominator in the failure of glaucoma surgery. In the case of implants, this tissue grows around the plate and in the trabeculectomy, the NPDS or the microdevice, on the scleral flap. It is possible that surgical trauma, toxic effect of the aqueous humor to the conjunctiva (21) , the individual healing response, and the use of antiglaucomatous eye drops (patients with polypharmacy) are triggers of the formation of this tissue. Needling techniques (with or without injection of 5FU) used when the bleb is walled, and tenectomy (surgical resection of the keloid tissue) are procedures commonly used (18) to permeate the conjunctival bleb and resolve the excessive scarring in all filtering surgeries.
The results of this investigation show that the microdevice is safe in the treatment of refractory glaucoma as the complications presented are expected and inherent to any type of glaucoma surgery.
In terms of effectiveness, the success rate was 14 eyes (87.5%, CI 95% 61.6% -98.6%). Overall, the findings support the hypothesis that the use of the microdevice was associated with a significant reduction of IOP. This was confirmed in the analysis of variance for repeated measures (F=37.891, P<0.0001).
In two out of 16 the microdevice failed (12.5%, CI 95% 1.43 -38.4). Using confidence bands for projecting the population, it is expected that the maximum possible percentage of cases with negative response is 38.4% and the minimum of 1.43% with a confidence of 95%.
Given that the pathology we are treating is defined as "refractory", it is to be expected that success may not be achieved in all cases.
CONCLUSION
It is important to note that the microdevice does not interfere with retinal buckling or alter extraocular motility as it is placed six millimetres from the limbus.
The use of the microdevice is partially contraindicated in patients with thin sclera, since the risk of extrusion is high. This contraindication is partial because, depending on the judgment and skill of the surgeon, it is possible to use the microdevice associated with scleral graft on the scleral flap. 
